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Abstract
An adaptive method for enhancing and binarizing the images of degraded documents has
been presented here.This method does not need any feature handling by the user and
it handles all kinds of degradations, removes noise, ensures connectivity of stroke and
improves low-contrast. The project briefly includes following steps: a pre-processing pro-
cedure using a low-pass Wiener filter to produce a smoothened image, an approximate
estimation of foreground regions,a background surface calculation by interpolating neigh-
boring background intensities, a thresholding by combining the calculated background
surface with the original image followed by a post-processing step which is carried out to
enhance the quality of foreground regions and preserve line connectivity of texts.
Contents
1 Introduction 2
1.1 Background and Motivation . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 Literature Survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2.1 Image Segmentation . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2.2 Thresholding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.2.3 Otsu’s Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.2.4 Niblack’s Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.2.5 Sauvola’s Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2 Theory of the adaptive method to read degraded document 8
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.2 Pre-Processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.3 Approximate Estimation of Foreground Regions . . . . . . . . . . . . . . . 10
2.4 Background Surface Estimation . . . . . . . . . . . . . . . . . . . . . . . . 11
2.5 Final Thresholding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.6 Post-Processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.6.1 Shrink Filter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.6.2 Swell Filter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.7 Proposed Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
i
3 Experimental Evaluation 16
3.1 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.2 Experimental Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
4 Conclusion 18
1
Chapter 1
Introduction
1.1 Background and Motivation
In order to extract information from the degraded documents which have changed over
generations, it is important that the pictures of such documents need to be processed care-
fully so that the unclear content of the degraded document becomes clearer and hence
easily recognizable by the optical character recognition system. Historical manuscripts,
calendars,old newspapers and damaged books carry text which are partially clear and
blurringly visible and hence it is necessary that methods should be implemented to make
the text readable. Previously, many attempts had been taken to improve the image of
such documents by using different kinds of methods of binarization involving use of ei-
ther global or local threshold.These methods do take an initiative towards improving the
visibility of text on the degraded document, but not enough effectively to be easily recog-
nizable by the OCR. Hence, this adaptive method is introduced which not only binarizes
the document image but also fills up the broken spaces in characters and removes noise
from the image. The image undergoes pre-processing, intermediate improvement steps
and is folowed by post processing.
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This thesis concentrates on the steps involved in the adpative method.It describes in
details how each step is carried out and the significance of each step. And it concludes by
making comparison between different methods of document binarization and this current
method.
1.2 Literature Survey
Different methods of binarization are studied and applied to the images of degraded doc-
uments to obtain the binary image.These binary images are then applied to OCR to
study the efficiency of each of the binarization techniques. In an OCR, one of the main
processing stage is binarization of document images, i.e. separation of foreground from
background . Binarization of a text image should give us, in an ideal case, the foreground
text in black and noisy background in white. Though different thresholding methods
already exist in literature, they dont give perfect results for all types of documents. Some
algorithms might work better for one type of documents where there are marks of strain
while they might give poor results for other types where there are extremely low inten-
sity variations. Different binarization methods have been evaluated in for different types
of documents presents an evaluation of eleven locally adaptive binarization methods for
gray-scale images with low contrast, variable background intensity and noise. In that
evaluation, Niblacks method was found to be the better of them all. Different improve-
ments have since been made to the original Niblack method to improve the results. One
of these include Sauvolas algorithm.The binarization algorithms that are applied here for
comparing the results with that of the proposed method are Otsu’s method, Niblack’s
Method and Sauvola’s Method.
1.2.1 Image Segmentation
Segmentation is taken as the first step in image analysis.The purpose is to subdivide an
image into meaningful regions which do not overlap , which can be used for further anal-
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ysis.In general, autonomous segmentation is one of the most hardest problem in digital
image processing. All the image segmentation methods assume that:
1. the intensity values are different in different regions, and,
2. within each region, which represents the corresponding object in a scene, the intensity
values are similar.
For example, the following figure represents the concept as:
Figure 1.1: Images for different threshold values
1.2.2 Thresholding
Thresholding is used to extract an object from its background by assigning an intensity
value T(threshold) for each pixel such that each pixel is either classified as an object point
or a background point In general, T = T [x, y, f(x, y), P (x, y)]
If T is a function of f(x,y) only then it is called global thresholding
If T is a function of both f(x,y) and local properties p(x,y),then it is called local thresh-
olding
If T depends on the coordinates (x,y), it is said to have dynamic/adaptive thresholding
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Thresholds can be chosen in one of the following two ways:
Fixed Threshold
In fixed (or global) thresholding, the threshold value is held constant throughout the im-
age. A single threshold value is determined and each pixel is treated individually.The
binarization is done using following formula:
b(x, y) = 0f(x, y) < T
b(x, y) = 1f(x, y) > T
It assumes that high-intensity pixels are of interest, and low intensity pixels are not of
that much interest.
Iterative Threshold
Algorithm 1 :Adaptive Method
1: Select an initial estimate of the threshold T . A good initial value is the average
intensity of the image.
2: Partition the image into two groups,R1, R2, using the threshold T .
3: Calculate the mean grey values Rµ1 and µ2 of the partitions,R1, R2 .
4: Select a new threshold:
T =
µ1 + µ2
2
5: Repeat steps 2-4 until the mean values and in successive iterations do not change.
1.2.3 Otsu’s Method
This technique is based on a very simple idea that involves evaluating the threshold
which minimizes the weighted variance within class.[2]This results in maximization of
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the variance of between-class.It works directly on the grey level plot of histogram, so
the method evaluates faster once the histogram is computed. Otsu’s method is used to
automatically perform image thresholding based on clustering.It reduces the gray-level
picture to a binary picture. The algorithm assumes that the image to be thresholded
contains two types of pixels or bi-modal histogram (i.e. foreground and background) then
evaluates the optimal threshold distinguishing those two classes so that their combined
intra-class variance is minimal.
Algorithm
Algorithm 2 :Adaptive Method
1: Compute histogram and probabilities of each intensity level
2: Set up initial ωi(0) and µi(0)
3: Step through all possible thresholds t = 1 . . . maximum intensity
4: Update ωi and µi
5: Compute σ2b (t)
6: Desired threshold corresponds to the maximum σ2b (t)
7: Compute two maxima (and two corresponding thresholds). σ2b1(t) is the greater max
and σ2b2(t) is the greater or equal maximum
8: Desiredthreshold = threshold1+threshold2
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1.2.4 Niblack’s Method
Algorithm
Niblack’s method implements a sliding retangular window over a grayscale image to cal-
culate threshold for each pixel.[6] The threshold calcuation involves evaluation of the local
mean µ and the standard deviation δ of each of the pixel present inside the window and
is determined by the following equation:
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tniblack = m+ k ∗ s (1.1)
tniblack = m+ k
√
1
NP
∑
(pi −m)2 = m+ k
√
B (1.2)
where NP denotes the number of pixels present in the grayscale image, m is the
average value of the value of the pixels pi, k = −0.2 , by assumption. The benefit of
Niblack is that it accurately identifies the text regions as foreground always but produces
a huge amount of binarization noise in background regions which is the non-text region.
1.2.5 Sauvola’s Method
Algorithm
[7]Niblack’s method has been claimed to be improved by the Sauvola’s method by com-
puting the threshold making use of the range of dynamism of image gray-value standard
deviation, R:
TSauvola = m ∗ (1− k ∗ (1− s
R
)) (1.3)
where k is set to 0.5 and R to 128. This method performs better than Niblacks
algorithm in images where the text pixels have near 0 gray-value and the background
pixels have near 255 gray-values. However, in images where the non-text pixels and gray
values of text are almost equal to each other, the efficiency results decrease significantly.
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Chapter 2
Theory of the adaptive method to
read degraded document
2.1 Introduction
The steps involved in carrying out the adaptive method for improving quality of the
images of the degraded documents.[5]It briefly consists of a pre-processing procedure using
a low-pass Wiener filter, an approximate estimation of foreground regions, a background
surface estimation by interpolating neighboring background intensities, a thresholding by
combining the calculated background surface with the original image and finally a post-
processing that improves the quality of text regions and preserves connectivity among
stroke.
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Figure 2.1: Image of a degraded document
2.2 Pre-Processing
For degraded document images, it is necessary to improve the visibility of the text on
the image by carrying out steps that help in smoothening the background, improving the
contrast between text and background and help in removing the noisy areas from the doc-
ument image. To help an image go through such a step,it is necessary that the grayscale
image Ioof the degraded document should be converted into an improved grayscale image
I. This is done by:
I(x, y) = µ+ (σ2 − ν2)(Io(x, y)− µ)/σ2
where µ is local mean, σ2 is the variance of pixels in 3 × 3 neighborhood and ν2 is the
square of mean of pixels in 3× 3 neighborhood.
Carrying out this step is similar to applying a 3× 3 low pass Weiner filter to the image.
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Figure 2.2: Result of applying the Wiener Filter to the image
2.3 Approximate Estimation of Foreground Regions
During this step,an approximate guess of text regions is obtained.This generates an initial
segmentation of foreground and background areas which give a bigger set of all correct
foreground points.This is image is then improved at a later step. This particular method
for binarization (Sauvola’s approach) assumes the value for k = 0.2. [7]At this step,
imageI(x, y) is processed in order to get the binary image S(x, y), where darker regions
correspond to foreground regions.
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Figure 2.3: Result of applying Sauovola thresholding to the smoothened image
2.4 Background Surface Estimation
In this step,a closely rough background surface B(x, y) of the image I(x, y) is calculated.
Background surface estimation is monitored by evaluating the S(x, y) image. For pixels
that lie in the 0 regions of the S(x, y) image, the respective pixel value of B(x, y) equals to
I(x, y). For rest of the unattended pixels, the pixel point values of of B(x, y) is calculated
by neighboring pixel interpolation,as shown in the following equation://
B(x, y) = I(x, y) ifS(x, y) = 0
B(x, y) =
∑x+dx
ix=x−dx
∑y+dy
iy=y−dy I(ix, iy)(1− S(ix, iy))∑x+dx
ix=x−dx
∑y+dy
iy=y−dy(1− S(ix, iy))
ifS(x, y) = 1
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Figure 2.4: Estimated background surface of the input image
2.5 Final Thresholding
In this step, final thresholding is carried out by collaborating the estimated background
surface B(x, y) with I(x, y),pre-processed image. In this, we employ a formula where
text are assumed to be present at those positions where the distance between the pre-
processed image I(x, y) and calculated background B(x, y) is greater than a selected
threshold d. This threshold is location dependent and changes as the background gray-
scale level changes. For this reason, we propose a threshold d that has lower values for
text containing regions. The final binary image T (x, y) is given by:
T (x, y) = 1 ifB(x, y)− I(x, y) > d(B(x, y))
T (x, y) = 0 otherwise
In order to calculate the threshold for each portion of the image. We first need to find
the average distance δ between the foreground and the background using the following
formula:
δ =
∑
x
∑
y(B(x, y)− I(x− y))∑
x
∑
y S(x, y)
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Then the threshold is decided using the equation here:
d(B(x, y) = qδ(
1− p2
exp(1−4B(x,y)
b(1−p1) +
2(1+p1)
(1−p1) )
+ δ)
where previous researches have found that p1 = 0.5 ,p2 = 0.8 and q = 0.6 are suitable for
a degraded document processing.
Figure 2.5: Final thresholding image
2.6 Post-Processing
[5] In the final step, we proceed to post-processing of the resulting binary image in order
to eliminate noise, improve the quality of text regions and preserve stroke connectivity
by isolated pixel removal and filling of possible breaks, gaps or holes. Below follows a
detailed step-by-step descriptionof the post-processing algorithm that consists of a suc-
cessive application of shrink and swell filtering
2.6.1 Shrink Filter
A shrink filter is used to remove noise from the background. The entire binary image
is scanned and each foreground pixel is examined. If Pb is the number of background
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pixels in a sliding n × n window, which has the foreground pixel as the central pixel,
then this pixel is changed to background ifPb is greater than k where k can be defined
experimentally.
2.6.2 Swell Filter
A swell filter is implemented in order to fill visible breaks and gaps in the foreground.There
are some text where the connectivity among the strokes have underwent discontinuity. In
order to preserve this,the swell filter is implemented. The entire binary image is scanned
and each background pixel is examined. If Pf is the number of foreground pixels in a
sliding n × n window, which has the background pixel (x, y) as the central pixel,then
this background pixel is converted into foreground pixel if most of the surrounding pixels
belong to foreground layer.
Figure 2.6: Post-processed image
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2.7 Proposed Algorithm
Algorithm 3 :Adaptive Method
1: Get the gray scale image of the degraded document image
2: Pre-process the image using Wiener filter
3: Apply Sauvola threshold to get rough estimation of foreground details
4: Apply neighborhood interpolation to estimate the background
5: Carry out final thresholding to get an improved image
6: Post process the image by applying swell and shrink filter to remove noise and fill
broken connectivity among strokes
15
Chapter 3
Experimental Evaluation
3.1 Implementation
The various methods to process the input image have been carried out using Matlab. This
step involves taking the input image , processing it until an image readable by the OCR
is obtained.The OCR system is utilised from the Wolfram Mathematica to obtain the
string present in the image of the document provided.The Matlab Part of the experiment
involves usage of Otsu ,Niblack and Adaptive method to generate the images which are
then fed into the OCR for string recognition.
3.2 Experimental Setup
The image is fed into the different methods to get the output better image. The images
obtained are better as compared to the degraded document image. This experiment
involves comparing how good each of the image obtained is at getting detected by the
OCR.
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Chapter 4
Conclusion
The adaptive method for improving the images of degraded document provides better
results as compared to the other binarization techniques. This method aims at improving
the textual image by removing noise and making the unwanted gaps within the text to be
filled and hence provide a complete readable image which is detected easily by the OCR.
The binarization techniques only aim at converting the gray-scale, or sepia- kind of image
into black and white which also converts the damaged portion of the image into black color
and hence do not provide much facility to be detected easily by the character recognizer.
Use of this adaptive method can always be helpful in extracting textual information from
the degraded documents although the time complexity involved in this method is certainly
higher than those of binarization techniques. But the kind of result that is obtained from
the adaptive method is worth the time complexity involved.
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